Simultaneous X-ray (BeppoSAX, 0.1-300 keV) and radio (Ryle Telescope, 15 GHz) observations of the superluminal galactic source GRS 1915+105 in high flux state were carried out starting October 1996. The source was in a phase of large X-ray intensity and spectral variability. Among the simultaneous observations, an isolated radio flare lasting ∼2000 s was detected accompanied by X-ray outbursting activity. Here we present the simultaneous radio/X-ray light curves of the flare event and the spectral and timing analysis of the relevant BeppoSAX data. The broad band (0.1-200 keV) energy spectrum of the source can be described in terms of the 'standard' spectral model for black hole candidates. We obtain evidence for a temporary disappearance and subsequent restoring of the inner portion of the accretion disk during the flare from the spectral analysis of the X-ray data. We find a variable power law photon index positively correlated to the variability of the exponential cut-off energy. In addition, frequency and intensity variations of a ∼4-5 Hz quasi-periodic oscillation (QPO) are detected during the same time interval. The centroid frequency of the QPO is found to be correlated to the spectral power law photon index, and to the X-ray flux from the disk and the high energy flux from the power law. These observational results are discussed in the framework of the disk-instability model proposed for this source.
Introduction

GRS
1915+105 was discovered in X-rays in 1992 by the WATCH experiment onboard GRANAT (Castro-Tirado et al. 1992) . It was then observed in the radio band, where plasma ejection activity with apparent superluminal motion was observed (Mirabel & Rodriguez 1994) . This jet source, sometime referred to as a microquasar (due to a phenomenology analogous to a quasar but scaled down in mass by several orders of magnitude), is located close to the galactic plane, at a distance of ∼12 kpc as inferred from kinematic and HI measurements (Mirabel & Rodriguez 1994 , Fender et al. 1999 .
In X-rays GRS 1915+105 shows a wide range of variability on any sampled time scale. Quasi-periodic oscillations have been observed with the PCA experiment onboard the Rossi X-ray Timing Explorer at frequencies varying from a few mHz to 67 Hz ). The latter frequency, unlike all the others, does not change with time, and has therefore been suggested to be related with the innermost stable orbit of the accretion disk around the black hole .
The X-ray spectrum of the source has been successfully described in terms of emission from an optically thick accretion disk (Belloni et al. 1997a) . The disk emission is modelled as a multi-temperature blackbody of innermost temperature ∼1-2 keV. A population of energetic electrons can Compton up-scatter soft photons from the disk, thus originating the power law component observed in the spectrum. A low energy absorption is detected in X-ray observations, corresponding to a neutral hydrogen column of ∼5x10 22 atoms cm −2 ; the Galactic neutral hydrogen column to the source direction is ∼2x10 22 atoms cm −2 (Dickey & Lockman 1990 ). The extreme variability of the source (both in flux and energy spectrum) has been interpreted (Belloni et al. 1997a ) in terms of a cycle consisting of the abrupt emptying of the inner portion of the accretion disk followed by a slower refilling (Belloni et al. 1997b) .
Radio maps have shown that during its active phases the source often exhibits events of plasma ejections, observed as extended radio flux emission. In some cases the outflowing plasma propagates through the interstellar medium for tenths of a parsec, with an intrinsic velocity of 0.92-0.98 c and apparent superluminal motion (Mirabel & Rodriguez 1999 , Fender et al. 1999 ). Using simultaneous observations at different wavelengths, several authors , Fender & Pooley 1998 , Eikenberry et al. 1998a , Mirabel et al. 1998 , Eikenberry et al. 1998b , Fender et al. 1999 were able to correlate the X-ray variability with the emission at radio and infrared frequencies. In particular, they showed that the observed multi-frequency behaviour is consistent with a scenario in which instabilities in the inner portion of the accretion disk, detected as oscillations of the X-ray flux, cause a plasma jet ejection that adiabatically expands away from the source. The radio and infrared radiation detected from the jets is consistent with a synchrotron emission mechanism.
Observations
A Target of Opportunity observational campaign ) with the Narrow Field Instruments (NFI: LECS, MECS and PDS, Boella et al. 1997) onboard BeppoSAX started after its Wide Field Cameras (2-26 keV, Jager et al. 1997) detected intense X-ray activity from this source. After two observations of about 10 ks, the source was observed continuously with the NFI for more than one day (Fig. 1) , and then monitored again for two more weeks with a series of short observations. Along with the BeppoSAX observations, radio monitoring of GRS 1915+105 was performed at the Ryle Telescope at 15 GHz , resulting in a sparse set of short X-ray/radio simultaneous observations.
In this paper we discuss one of such observations, during which a radio flare was detected simultaneously with an isolated X-ray outbursting activity of the source. The X-ray spectral and timing characteristics are of particular interest and, as we will show, can be interpreted in terms of the sudden disappearance of the inner portion of the accretion disk. The analysis of the remaining observations will be presented in a forthcoming paper.
The flare event
On 1996 November 1.628 UT, GRS 1915+105 exhibited the X-ray outburst shown in Fig. 2 (top panel) and 3. The source was in a high-flux (∼ 2.3×10 −8 erg cm
in 2-10 keV), relatively quiet state when the outburst occurred; during the outburst large amplitude oscillations were observed (Fig. 3) . After that, the source went into a dip and finally recovered a state similar to that before the outburst. On a longer timescale, the event occurred after a period of relatively quiet X-ray behaviour (at high flux level) following an impressive flaring state lasting almost one day (Fig. 1, Feroci et al. 1998 ). This temporal behaviour may be seen in context of the scenario described in Belloni et al. (1997a) . At the time of the X-ray outburst the inner portion of the disk undergoes an instability that, in few hundred seconds, leads to its disruption, causing a decrease in the emitted X-ray flux. The instability results in ejection of plasma out of the inner disk. Once the instability is damped, the inner accretion disk is replenished and the X-ray emission restored.
The 15 GHz radio emission during the same time period is shown in the bottom panel of Fig. 2 . At the time of the X-ray outburst (in a period unfortunately not fully covered by the X-ray observation due to the Earth occultation), the radio emission shows a smooth, relatively fast rise followed by a slower decay. The radio flux increase is almost linear with time, reaching a peak flux of ∼ 60 mJy in correspondence with the X-ray dip. The decay from this peak follows a quasi-exponential law down to a flux of ∼ 20 mJy, when the radio observation stops. The time profiles in the two bands are rather different, being more complex in X-rays than in the radio.
In the correlated X-ray and radio events studied so far , Mirabel et al. 1998 , Eikenberry et al. 1998b ) the source exhibited a series of X-ray flares and dips. The corresponding radio and infrared flares have been interpreted (e.g., Mirabel & Rodriguez 1999 and references therein) in terms of emission from plasmoids ejected at the time of the preceding X-ray dips, with the relative Xray/infrared/radio delay due to the optical thinning during adiabatic expansion of the plasma bubbles. However, we note that in that observations the relative phase between the X-ray and radio/IR light curves is not always the same. In some cases (see Fig. 2 of Mirabel et al. 1998 ) the radio peak is reached during the X-ray outburst, but in several other cases (see Fig. 5 of Fig. 1 of Mirabel et al. 1998 and Fig. 2 of Eikenberry et al. 1998 , if one extrapolates that the radio peaks after the IR) the radio emission peaks during the X-ray dip, just like we observe. Of course, these differences can be attributed to casual superpositions of uncorrelated events, due to the intense activity of the source. In this scenario, it is possible that the correlation between X-rays and radio emission that we observed (i.e. the radio peak at the time of the X-ray dip) is also fortuitous, and the radio event is actually associated with the dip of an unseen X-ray flare occurred during the data gap due to Earth occultation (i.e. between intervals A and B in Fig. 2 ). However, we note that in this case one would naturally expect also a radio event following the observed X-ray event. This is not seen, unless this putative radio flare is blended with the decay of the main radio event. The latter hypothesis would in turn likely require that the unseen X-ray outburst is much larger than the observed one (if a relation exists between the X-ray flare intensity and the radio emission intensity). Alternatively, if we use only the information directly derived from our observations and assume that the radio flare is actually associated to the observed X-ray flare, we may suppose that we are dealing with a somewhat different event with respect to those interpreted in the literature, or with the same phenomenon on a smaller scale (and therefore a shorter time scale). This may not be too much surprising also looking at the context in which the X-ray flare occurred ( Fig. 1 ): it appears to be rather isolated in a period of relative stillness of the Xray emission, while the events usually discussed in the literature occurred in periods of high X-ray variability, within long and continuous sequences of flares and dips individually similar to the one we show here (i.e., a period like the first half of our long observation, Fig. 1 ). In fact, it is known that some radio flares from this and similar sources are not related to substained plasma emission forming a steady jet, being instead exhausted at an early stage ('aborted events', that is, small versions of the big ejections with spectacular jets; R. Hjellming, private communication). Suppose we are dealing with one of these 'aborted jets', during the high frequency oscillations (interval B and earlier) relatively small plasmoids are ejected out of the disk, rapidly becoming optically thin and being therefore observable at radio frequencies. In this scenario, the observed radio peak would simply be the convolution of individual plasmoid's emission ejected in a sequence which ceased at the time of the X-ray dip (when the inner accretion disk disappears, see below), causing the subsequent decrease in the radio flux.
We assume this scenario as our working hypothesis. In the next section we will test the inner disk disappearance hypothesis using a spectral modeling of the 0.1-200 keV X-ray emission observed with BeppoSAX during the event. Then, in the following section we search for timing signatures in the X-ray data. 
Broad band spectral analysis
In order to infer the source behaviour from the BeppoSAX spectral data we divided the observation in five time intervals (A, B, C, D, E) as shown in Fig. 2 . The aim of this time selection was to divide the event on the basis of the source state. We note, however, that the chosen time intervals could include significant spectral variation of the source, as suggested by Fig. 3 for interval B, and the results that we derive could represent 'average states' of the source. The available spectral data from the BeppoSAX observation are from the LECS instrument (0.1-4 keV) for portions of the A, D and E intervals; from the MECS (1.8-10 keV) and from the PDS (15-200 keV) for all the five intervals. In the spectral analysis with these three instruments we used a normalization factor for the intercalibration with the MECS (Fiore et al. 1999) : 0.84 (fixed) for the PDS, free parameter for the LECS (usually between 0.9 and 1.0). The LECS data have been mainly used to determine the column density of the absorbing matter, which has been found to be constant in the three available time intervals at the value of ∼5.6×10 22 cm −2 . Since LECS data are available only for portions of only 3 of the 5 selected intervals, in order to avoid systematic differences in the data analysis between spectra with and without the LECS we fitted only MECS and PDS data, with the neutral hydrogen column density fixed to the value derived from the LECS.
For the spectral fitting (performed with the XSPEC v. 10 package, Arnaud 1996) we used a model including the following components: a multi-temperature disk blackbody, a power law with a high energy exponential cut-off, an iron emission line and a Compton reflection continuum from cold matter (assuming an inclination angle of 70
• ). This model was typically used for black hole candidates (Mitsuda et al. 1984) , and it is the same used in Belloni et al. 1997a to fit RXTE/PCA data, except for the high energy cut-off and the Compton reflection that we added due to the wider (0.1-300 keV) BeppoSAX spectral coverage. The use of the Compton reflection component (with the high energy cut-off included in the relevant XSPEC model) is generally preferred to a simple cut-off power law when fitting the BeppoSAX wide band energy spectra (not only those presented in this paper) of this source. Actually, it is also used to fit RXTE data when also the high energy instrument, HEXTE, is used (Greiner et al. 1998 ). However, this component is not always well constrained. As an example, in case of interval E if we change the Compton reflection to a cut-off power law, we pass from χ 2 =149.1
, and an F-test at-tributes a probability of 99.3% of improvement to the use of the Compton reflection model. In Fig. 4 we show the best-fit models to the data of the five selected time intervals, showing both the individual components and the total spectrum. For the sake of clarity we did not show real data in this figure, whose purpose is to show the evolution of the individual spectral components. As an example of the statistical quality of our data we show the actual data for interval E -for which we also have data from the LECS -in Fig. 5 , together with the best fit model and residuals (we note that this is one of the cases with the worse χ 2 ). In Tables 1 and 2 we report the spectral fit parameters (all errors are given at a 90% confidence level, unless otherwise specified).
1 A word a caution is necessary here for what concerns the physical meaning of the inner disk radius and temperature. First of all, general relativity effects (e.g. Zhang et al. 1997) are not included in the adopted model (diskbb in XSPEC). For instance, as discussed by Sobczak et al. (1999a Sobczak et al. ( , 1999b , the relativistic corrections imply a radius of the innermost stable orbit smaller than what derived from this model. Also, the diskbb model may be not appropriate to describe the source energy spectrum in some conditions (see also Merloni et al. (1999) for a critical discussion of this effect), resulting in an unrealistic value for the inner disk radius. Therefore, the values of inner radius given in Table 2 have to be regarded with extreme caution. (We note, however, that these effects do not substantially affect our observational evidence of the lack of the thermal component during interval C.)
In Table 2 and Fig. 4 it is immediately evident that the soft thermal component (the disk) significantly contribute to the spectrum in intervals A, B, D and E, while in the dip (interval C) it is not required by the data. During the outburst (interval B) it shows the largest intensity and temperature, while it appears basically constant in A, D and E. The power law component also shows significant variations. In particular, the power law photon index varies only slightly along the event, but for the interval C where it shows a increase of ∼0.3-0.4. Correspondingly, the high energy cut-off shows a significant increase, passing from ∼50-60 keV to ∼100 keV. Unfortunately, the parameter uncertainties for the Fe line and the reflection component are too large to search for possible variability. Even if the value for the reduced χ 2 is rather high in some intervals, namely A and E, we were not able to get better fits, either changing parameters or changing the model. We therefore think that these values are due to intrinsic rapid variation of the continuum on timescales shorter than those used here (∼500-3000 s), and/or to residual systematic uncertainties in the deconvolution matrices of the instruments, because of the high intensity of this source. We stress, however, that we just used the statistical counting errors in the fit, without adding any systematic error. 
Timing analysis
We used the MECS (1.8-10 keV) data to study the temporal behaviour of the source in the five intervals. The MECS light curves where produced with a 3 ms bin size. Using the Xronos package (v. 4.02) we divided the light curves in time segments ∼12 s long and calculated the power density spectrum for each of them. The spectra reported in Fig. 6 are then obtained averaging a minimum of ∼40 power density spectra (up to 280 for the longest interval).
A peaked feature is detected at a frequency between 4 and 5 Hz, varying both in frequency and intensity over the 5 intervals. We interpret such a feature as a quasi-periodic oscillation (QPO) of the 'intermediate type' , Markwardt et al. 1999 , Muno et al. 1999 ). The QPO is detected at 5.23 Hz in interval A, then is not detected during the outburst (interval B), it appears again at 4.12 Hz during the dip (interval C), and moves to 5.16 Hz and 4.58 Hz during intervals D and E, respectively. It is interesting to note how the feature gets sharper in interval E, while it seems broader in interval C. In this interval the QPO peak could actually be the convolution of a variable peak QPO, as suggested by observations of similar source states by RXTE (e.g., Markwardt et al. 1999 , Muno et al. 1999 , where the QPO frequency is observed to drift in time on very short timescales. Also, it is worth noting the possible existence of a small peak in interval A at a frequency ∼2.6 Hz, possibly a sub-harmonic of the QPO as observed in other black hole candidates (see van der Klis 1995 for a review).
It is worth noticing that the shape of the low frequency continuum is significantly different in interval C (the dip, during which the disk component is not detected in the energy spectrum), where it is much flatter than in the other intervals, particularly with respect to B (the outburst) where it appears the highest. 
Discussion
The spectral analysis of the BeppoSAX X-ray data confirmed that the radio/X flare event that we observed is consistent with the scenario, proposed by Belloni et al. (1997a) , in which X-ray outbursts occur when the inner part of the accretion disk is disrupted, and plasma is expelled out of the disk, thus generating the radio peak observed at 15 GHz. The global behaviour of the spectral parameters is also consistent with what found by Trudolyubov et al. (1998) on similar source states.
We studied possible correlations between spectral and timing parameters. First, we find that the photon index of the power law component appears to be positively correlated with the cut-off energy (Fig. 7) . A word of caution is necessary here, as the two parameters are strongly correlated in the fit procedure, and this is exactly the kind of correlation that could arise if the power law index were wrongly estimated for some unknown reason. On the other hand, as we will show below the power law photon index appears well correlated to temporal parameters too, which have been derived from a completely independent analysis. Even if this cannot be considered as a proof, it is nevertheless a suggestion in favour of the correctness of the measurement of the power law indices, and therefore of the reality of the correlation. We have also searched the literature for a confirmation of this effect. Heindl et al. (1997) and Muno et al. (1999) use data from the HEXTE experiment onboard RossiXTE. In table 2 of the former paper we find only two useful fits, and they are consistent with our correlation. In table 3 of Muno et al. (1999) we find six spectral fits in which our correlation is not found. However, we note that the value of the cut-off energy in the latter analysis is always larger (∼100 keV, and not far from the upper energy bound of the data set) than what we find, while Heindl et al. (1997) obtain values similar to ours (60 and 88 keV). The timing analysis of our X-ray data shows the presence of a variable QPO around 5 Hz. This frequency is classified as 'intermediate' in the phenomenology of this source, and the centroid frequency is usually observed to vary between 1.5 and 15 Hz. Trudolyubov et al. (1998) and Muno et al. (1999) , analysing data from RossiXTE with the source in a variety of spectral and intensity states, found positive correlations of the inter-mediate QPO centroid frequency with the low energy flux from the power law component and from the thermal disk emission. Also, Markwardt et al. (1999) found a correlation between the frequency of the intermediate QPO and the parameters of the disk component.
In our data set a negative correlation exists between the QPO centroid frequency and the power law photon index (Fig. 8) . Given the correlation between the power law index and the cut-off energy it is also possible that the real correlation is between the QPO frequency and the cut-off energy. In principle, it could be related to the already known QPO-flux correlation, but we only find a correlation between the QPO centroid frequency and the flux in the 2-10 keV from the disk blackbody and in the 15-50 keV from the power law component (Fig. 9) . On the contrary, there is not clear correlation with the low energy (2-10 keV) flux from the power law component, even if our small data set does not allow to definitely rule it out. This may be explained if the basic correlation is with the photon index, and the power law is pivoting at low energies; actually, the variation in the 2-10 keV flux is significantly lower than in the 15-50 keV flux.
We note that our results on the correlations of the QPO centroid frequency with the disk blackbody flux and the high energy power law flux are in agreement with what found by Muno et al. (1999) using RXTE data, while the anti-correlation with the power law index is opposite to what can be inferred by using the different correlations presented by these authors. This might be a chance occurrence due to our small data set or an intrinsic difference due to the fact that the analysis of the RXTE data includes a large number of observations and source states, whereas our data refer to a single flare event and are integrated over longer time segments.
Conclusions
Our observations clearly indicate that the GRS 1915+105 system is subject to overall instabilities affecting both the disk and its surroundings. We studied an isolated radio flare (possibly caused by an expanding cloud of energized electrons emitting at large distance from the central object) associated with an isolated Xray outbursting activity followed by a shallow dip. It is remarkable that the relative timing of the radio and Xray flare in this episode appears possibly different from what seen in some observations presented in the literature (see Sect. 2.1). The X-ray outbursting episode (lasting in our data ∼ 600 s) appears to be chaotic with rapid fluctuations that most likely coincide with the energization of an external corona and of the radio emitting electrons. The ultimate cause of this instability is unknown. Several suggestions have been proposed, including thermal/viscous disk instabilities (Taam et al. 1997) and/or turbulent magnetic field dissipation in the inner part of the accretion disk (Tavani & Liang 1996) . The different states that we observe for the power law component might be caused by a quasi-thermal and moderately thick Comptonizing corona, or by an optically thin and magnetically energized particle population radiating by synchrotron and/or inverse Compton. Our observations do not favor one or the other mechanism.
Based on the observational results obtained from both the spectral and timing analysis of the BeppoSAX data, we try to phenomenologically interpret the observed source behaviour in the framework of the model proposed by Belloni et al. (1997a) . The relevant observational results are: (a) a correlation exists between the QPO centroid frequency and the spectral parameters of both the disk and the power law component; (b) the disk emission is maximum during the X-ray outburst (interval B); (c) high amplitude, fast oscillations are detected in Xrays during the outburst; (d) the QPO is absent during the outburst; (e) the low-frequency noise is maximum during the flare and it is minimum during the dip; (f) the disk emission disappears during the dip (interval C); (g) the lowest QPO frequency is observed during the dip; (h) the cut-off energy jumps to its highest value during the dip; (i) the radio emission rise together with the X-ray outburst, and peaks during the dip; (l) the thermal disk emission is restored after the dip (intervals D and E).
Our point (a) indicates that the three observed source characteristics (disk emission, power law emission, QPO) either originate from the same site, or in different sites causally related with each other. (For example, it has been proposed (Chakrabarti et al. 1995 , Molteni et al. 1996 , Kazanas et al. 1997 , Titarchuk et al. 1998 ) that a 1-10 Hz QPO might originate from radial oscillations at a boundary between the optically thick accretion disk and an extended atmosphere of hot electrons, responsible for the power law emission through comptonization of soft disk photons.)
At the time of the outburst the disk undergoes violent instabilites (point c) causing plasma emission out of the disk. The thermal emission from the disk is therefore reinforced by the plasma emission (point b). When the plasma is ejected into the extended atmosphere it goes through the boundary region where the QPO might take place, disturbing the dynamical equilibrium that generates it, and causing its temporary disappearance (point d). After the plasma jet ejection the internal disk no longer exists/emits (point f). The ejected plasma has thus caused an increase of the average energy of the coronal electron population, detected both as an increase of the cut-off energy (point h), and as a smooth increase of the radio synchrotron emission (point i) that reaches its peak when the ejection of plasma out of the disk ends. The dynamical equilibrium at the boundary region, temporarily perturbed by the plasma ejection event, is now being restored. The quasi-periodic oscillation therefore starts again, but it is at a lower frequency (point g), possibly due to a a larger distance from the central object, as also suggested by Muno et al. (1999) who find a positive correlation between the innermost disk temperature and the QPO frequency. Then, at the time of intervals D and E, a new dynamical equilibrium is reached when the inner disk is filled again and is detectable at X-rays (point l). It is also interesting that the low-frequency noise appears significantly lower when the inner disk is absent and maximum when the emission from the disk is at its highest value (point e), demonstrating that this timing feature is associated with the inner disk.
Therefore, the results obtained from our analysis of an isolated flare are consistent with a 'complete cycle' of an accretion disk perturbation, causing the temporary disappearance of the inner portion of the disk, within a scenario in which the accretion disk and the Comptonizing electrons population are geometrically or physically related. The interaction between the two would be therefore responsible for the quasi-periodic oscillation of intermediate (∼5 Hz) frequency. The even more complex behaviour often observed in this source, could then be a combination (with possible modifications and complications and on different timescales) of cycles similar to the one observed here.
